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Oileof the advantages of metal over wood as an aircraft

material is the uniformity of the metal. There are no shakes,

checks, knots, spiral grain, etc., in metal; and, as a conse-

quence, aircraft builders more or less looked forward to the

use of ~Lural~in with relief. That their hopes were not en-

tirely coilfirmed at first resulted from the inherent property

of duralumin of having more apparent defects than real.ones

and from the novelties in the features of the metal. Experi–

ence with this aluminum alloy since its introd.uction to air-

craft has tended to set the h~~sc in order though, so that at

tliepresent time the advanta~e mentioned is recognized as a

factor of importance.

It is proposed in this paper to identify some of the de-

fects and failurec in duralumin most frequently encountered

by the aircraft industry with a view to indicate their inlpor-

tance. Numerous cases have been called to t’hewriterts atten-

tion where the defects have been superficial, whereas, on the

other hand, casual inspection has revealed material not fitted

for use as structural members in aircraft. To distinguish one

*From “Aviation,” Au=gust29, 1927.
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from. the other is not always q,uiteas simple as it seems.

The defects and failures i-nd.uraluminma,yb e classified
I

into the following groupss .,

a) Defc.cts m~oduced during nanufacture of the raw material.

b) Defects produced during fabrication of the material into
parts.

c) Corrosion antierosion.

d) Fatigue failures.

Only the first two will be covered in this article’ since each

of the others is far too important to ‘de~i-renother than de-

tailed attention.

The methods of manufacturing dural.umin lxavebeen so stand–

ardized and so riSidly supervised by the produce~s of this net-

al t-hatabnormal defects thcfein are exceptional. Extra,ordi-

na,ry effort~ by the proc[ucers in research and in investigations

have been reflected in the material ploduced so that at the

p reseil+ time the causes of .~rIostof the defects occurri-ngare

known, tmd corrective measure~ are instituted before the inater-

ial is distributed. However, duralumin is not all that aircraft

designers and constructors would like it to be, nor is the ~rod-

uct always to be classified as good, for in ,spite of unifom

production and hi@ grade inspection the coixwmer is sometimes

required to make decisions regarding ll~n of the mill” material.

AS is known, duralum in is available in rolled, wrought or

extruded form, and in various conditions of thermal treatment.
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The rolled duralumi~ usually leaves the mill with a planished

surface, such a,surface being produced by -therolling op”erations.

The wrought and extruded forys do not as a rule have the plan-

ished appearance, being duller and presenting some evidence of

tool action.

Perhaps one of the most widely discussed points regarding

duralumin sheet is the question of natural colorinE. This mat er-

ial varies i-nits mrface appearance from a,clean silvery gray

to a dirty ,qraywith al.]-colors of the ra,inbow superimposed.

The clean silvery ~:rayres~ifi-~lesa irfla,chined piece in color

whereas the dirty f;raycan be desc~ibed as dirt ru”b”oedinto the

metal. When looked at from a.nani:lehues can sometimes be seen

on the planished surface varying peculiarly, centering at times

in a s-~~ota-nilwa-ndering rec’~lcsslyat other ti~.es. These hues

have been described as a copper glint. It has been definitely

aswrtained by numerous tensile tests t’natnone of these color-

ings has any bearing on the physical properties of the material

nor is the shade of gray a measure of important factors. There

are, however, cases where stains on duralumin are accompanied

by imperfections in the surface. These imperfections are usu-

ally the result of contact with soi:leforeign substance after

the material has left the mill. Dura,lumin so marked should not

find its way into aircraft under any circumstances if the sur-

face imperfections, other than the color, are abnormal.
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Raw Material Inspections

The imperfections inspected for on duralumin in the raw

5tate, aside from :mechanicalproperties are laminations, cracks,

pits, dirt, scratches, buckles, blisters, slivers, roll marks.

Most of these when sin.d.l have little effect on the physical

properties of the material, but are not desirable for other rea-

sons, indicatii~g as they do more serious hidden deficiencies

discernible only by the use”of a microscope or the X-ray.

Laminations occurrin~ in a part of a sheet or shape have

been iore frequent in the past than is the case now. Faulty

rolling of sheets resulted in a condition where the finished

sheet could be sepaated for a considerable area into two thick-

nesses with no bond between the two. Fortunately this defect

occurs in the edge where it is readily discovered in inspection;

btit there are cases wlnerethe sheets have fitted together so

well tha’blaminations were not found until the pressing opera-

tion had been completed. L~Jmination~ have 2.lsobeen found in

tubes, being due to ifi,!etdin’the extrusion block ca,rryiilgover

to the next following extrusion. It seems unnecessary” to state

that lminated duralumin. is not suitable itlaterial for aircraft

use.

Cracks in sheets and other rolled shapes are due to the

temper of the imterial or to pulling of the rolls. Cracks in

the bends of rolled shapes may be due to the thickness radius

I 1111 Ill
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of curvature ration being beyond the capacity of the material. ,.. . ,..

Cracks in extruded shapes are usually ?ound at the ends and

“,~.recaused by the use of more of an ingot tha,nis warranted.
.
Chattering of the die or an imperfection in the die used for ex-

trusion causes a series of cracks readily discernible in the fin-

ished product. Although these defects are not admissible in

duralumin in ~:eneral, cracks in tubing should be culled from

aircraft material with exactitude. Pits and inclusions can be

seen with little difficulty in an otherwise clear duralumin

sheet. It is practically impossible to avoid some pits and in-

clusions in rolled duralumin. Dirt, due to dross or forei=m

substances picked up by the rolls subsequently rolled into the

metal, will appear from time to time and unless the amount is

unusual no dire results need be ehxpected. Corrosion does not

localize in t“:?.esepits nor at the inclusion unless it happens
@J-

to be foreign metal, in which case the corrosion of the duralu–

min may or may not be hastened. As a rule pits and inclusions

are not cause for rejection unless the,quantity or frequency

warrants such action.

Scratches come through handling of the material. They are

not deep enouqh as a rule to do other than mar the surface, but

they have a bearing on corrosion and fatigue failure. Corrosion

will concentrate along a scratch if the piece of duralumin is

exposed, so it is to the advantage of builders to avoid whenever

practicable all scratching in duralumin. Manufacturers of

I —
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,> aluminum alloys now so to great

abrasion caused by cate~essness

sto~ckeepeis take equal care to

length to reduce mechanical

in handling; and it is well if

retain the planished surface.

Buckles Appear in Sheet Stock

Buckles appear in sheet stock in quenching after heat

treat ing. These buckles are wiped out by the strengthening

roll which is the last mill operation prior to packing. Bu Ck-

les in plates involve difficulties in fabricating parts there–

from aside from the effect on appearances.

Slivers may make their appearance as entrained dross,

rolled in flakes of metal, or as a thin shell on the sheet or

rod. Dross carried over to the rolling operation is drawn out ‘

in the direction of rolling and adhered rather firmly to the

sheet. The same is true of rolled in fl.a,kes of aluminum or

duralumin which might be picked up by the rolls. Exfoliation

of the ingot on account of the working of the die results in a

sliver. Material left in the chamber of an extrusion press by

a previous ingot makes its appearance on the extruded shape as

a sliver or a thin shell. AI.I types of slivers reduce the value

of the product for general use and in case they are extensive

no part of the sheet or shape is acceptable. The complete eradi-

cation of slivers by brushing or grinding requires the removal

Qf considerable material resulting in a rather diminished dime~

sion for the part affected.
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It is believed that blisters should be segregated into two

groups; those resulting from normal heat treatment and those

resulting from overheding the metal.. Blisters on duralumin in

the first classification have no effect on the mechanical. prop-

erties of the i~a.terial. ~~~.eseblisters are small and not fre-

quest. Blisters that make their appearance On overheated imate-

rial are a certain indication of changes in the constituents

Canalinferior physic~ti properties accoinp~anysuch burned metal..

Occluded Gas Forms Blisters

In the course of the manufacture of duralumin it can h.?.rdly

be expected that all occluded gas in the in~ot is driven out.

Naturnlly then, a certain ;>ortion of that gas will find its way

to the surfmce or new the surface in a sheet or shape. Upon

heatins the duralumin for heat treatment tilisgas will tend to

expand md i-ncases form blisters. Heat treating the met,fl at

510°C will bring them out and it is only by subsequent rolling

that the smoothness of the sheet is restored.

that sheets displaying a tendency to blister

It is m opinion

c~a be culled first

prior to the final rolling. S.anplesof badly blistered sheet

have been subjected to induced corrosion cnd the indications

are that no concentration. of corrosio-n at the blisters is ef-

fected.

On the other hand, if duralumin is heated to a temperature

near 540°C, there is apparently a change in the constitution

.—
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of the constituents indicating very strongly the beginning of

CT, the melting. This change according to the theory expressed

may “oeaccompanied by the forino,tionof ineltingblisters which

in themselves may not be harmful, but they do point out chcunged

physicr.1 properties. The usual result of overheating is a per-

ceptible drop in the elongation.

It is not practicable to distinguish between the two kinds

of blisters by a visual.inspection, so in case an abnormal

nmount of blistering is occurring it is best to suspect the tein-

pera.ture of heat treatment and if that is correct it is a matter

for the iilakersof the raw material. It is i~otto the best int-

erests of duralumin to lower the heat treating temperature to

reduce blisteriilg effect.

Roll Wxks Destroy Uniforinity

Roll marks are depressions in the C?LireCtiOn of rolling

that may or ;.laynot be accompmied by transverse scratches.

These roll marks destroy the continuity and uniformity of the

part ~andshould not be unusual in mount. They are caused by

improper design of rolls or by defects in the roll surfaces.

Tool marks and scratches in dural.umin come primarily from

the methods of fabrication.used. ,Careful handling and workma-

nshipwill avoid an excess of both.

Coiled sheet is sometimes received with a line of imper-

fections down the center. These imperfections resemble corro-

sion pits and are due to the method of heat treating such dural-



. umin coils. The coiled sheets are readily heat treated in the

salt bath by having an alumi-num wire separate the various layers

of the coil. This aluminum wire apparently causes more or less

pitting of the sheet while it is in the bath. Improved methods

have obviated this defect.

Rivets are manufactured from both drawn and extruded wire.

In certain cases one suits where the other does not. The most

common defect in the manufactured rivet as received is cracking:.,

the head. Where cracked heads are few and far between it is

nearly an impossibility to avoid getti-ngsome into the fiilished

aircraft, for as a’rule the cracks are so fine that the great-

est care is necessary to be sure there is a defect. In pract i-

cally all ~ivets as ~tlieyare now made there is a small area in

the calter of the head which is rouSh. This rou~h spot may or

may not be a source of trouble; but it has been noted in induced

corrosion tests that this point is usually more active than the

other parts of the rivet. It is desirable for the rivet manu-

facturers to correct as is the question of cracked rivet heads.

The most common serious defect in duralumin being fabri-

cated into parts is a crack. These cracks are prifiarily due

to stressing the material by working it too long, too cold, or

t00 hard. They are frequent on parts drawn or pressed or:shaped

and extended in size from very minute cracks to complete parting

of the material. Sheet bent on a very small radiu6 in propor-

tion to the thickness of the material will tend to crack inside
— .,—
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and outside. The size of the cracks or

mines whether or not the-”lfiatcrial

int ended. In some rare cases the

is responsible for the cracks but

10

their frequency dete~

can be used for the

constitution of the

in most cases it is

purpose

mat erial

due to

the desig-n or to the shop

if at all at sharp bends.

b ends or in any part that

process. Sheets usually show cracks

Forgings i~ay show cracks at sharp

has been worked too cold. Metal pro-

pellers should be inspected with a magnifying glass to be as–

sured that no cracks exist. Etchin~ cluralumin in a caustic

soda solution will tend to make cracks more apparent anclis a

procedure ~esorted to for inspection purposes in forgings.

Scratches, buckles, blisters and tool marks in duralumin

are other defects t-hatoccur in the fabrication of parts.

Scratches and

in ha-ndlinc.

these defects

tool Harks are largely avoidable by proper care

No particular advantage accrues to rubbiilgout

with emery cloth or steel wool.

Buckles Can Be Prevented

Buckles can be prevented if dcs ir.edby”quenching the part

in an air blast ,iimtead‘of water or oil. Buckles will he the

most severe in the case of r,ost rapid cooling which i-npractice

is by quenching in cold wat er. The workiilgout of buckles

wit’hin a short time after the hea’utreating operation is a com-
.

mon practice and is not known to be injurious to the material.

Some metilod of strc-tching the sheet into place on aircraft sur-.



the treating operat ion.

Proper Heat Tresting Essential

When the aircraft designer specifies duralumin for a part

it is done with a view to having material that comes up to

certain physical or mechanical values. It is therefore incum-

bent on those working to that iiesit~ to produce the final

piece with all operations leadinp toward that ultimate. Per-

htaps the easiest place to make error~ that will alter the de-

sired results mat erially is in not having properly heat-treated

cluralumin in the final assembly. Annealed and cold-worked

duralumin will both find their way in as Y.eat-treated mater i-

al unl.css care is take-nby rigid inspection. The simplest

arrangement to check the parts is by means of the scleroscope.

Prop erly heat-t rested and aged duralumin will give a sclero-

scope hardness of about 28 whereas the a-nnealedmaterial will

give a value considerably lower, &ild cold-worked S1ightly higher.

To be more certain than the ‘hardnessvalues will indicate,

b end tests should be combined with the hardness determinations.

Duraluain which ‘hasbeen burned ii~the the~al treatment

is readily discernible to the eye. Extreme brittleness is a

not eworthy feature in ifiaterial which has been too hot. There

is no recovery for a burned piece of duralumin.

In conclusion it can be stated that the aiiount of duralumin

rej ected due to defects ~.ndfailures is not grec.tcompared to
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the quantities thrown out in other aircraft

13

material; but

there is continually the possibility that an undesirable piece

will

tial

this

find its way into”the finished airplane so it is csscn-

that due diligence be excrciscd by those in control of

feature.

,.
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